cardiac mechanism (Morgan et al. 1961 ; Opie 1965 ). The intrinsic cardiac mechanism can be properly investigated under conditions in which the heart is free from central nervous influences, and its pre-and afterload and heart rate are controlled. Langendorff preparations can indeed provide such conditions. In small mammals, however, cardiohemodymnamics has not so thoroughly been investigated as in dogs. In this respect, dog Langendorff preparations are more preferable for obtaining information about intrinsic cardiac mechanism. As opposed to Langendorff preparations of small mammals, dog Langendorff prepara tions can only be run by means of perfusing the coronary arterial bed with arterial blood (Hashimoto et al. 1960; Janicki et al. 1974; Suga and Sagawa 1974) .
The operation for the dog Langendorff preparation has commonly been done without any time of heart-anoxia, i.e, in the state of "beating heart" (Hashimoto et al. 1960 ; Janicki et al. 1974; Suga and Sagawa 1974) , because any anoxia of the heart has been believed to be detrimental to its function (Weiner et al. 1976 ; Hess et al. 1979 ) and structure (Kloner et al. 1983 ). The operation for this kind of preparations without any time of heart-anoxia is, however, complicated and needs much time and skill. On the other hand, if the isolated dog heart subject to hypothermic arrest for some periods functions normally upon reperfusion with arterial blood, it has a definite advantage over that prepared in the state of "beating heart" in easiness of preparative procedures such as cannulation of the major vessels. In this condition, however, heart-anoxia is unavoidable.
In order to settle this question, we compared cardio-coronary measurements and ultrastructures of cardiac muscle in dog Langendorff preparations prepared in the state of "beating heart" and those prepared in the conditions of anoxia in cold Tyrode solution. In addition, we studied time course of change in the basal value of cardio-coronary measurements and how these measurements respond to continu ous infusions of isoproterenol. 
MATERIALS AND METHODS

Measurements
Total coronary blood flow (CBF) was measured with an electromagnetic flow meter (MFV-2100, Nihon Kohden, Tokyo) at the aortic tube. Although the left ventricular Thebesian flow was in fact as little as 1-2 ml/min in the present experimennts, we placed a left ventricular drainage tube through the left atrium and considered total CBF minus left ventricular Thebesian drainage as true CBF.
The intraventricular balloon was connected to a pressure transducer (MPU-0.5, Nihon Kohden) to measure developed pressure (left ventricular pressure ; LVP) of the balloon and its first derivative (LV dP/dt).
The balloon and connecting tube were filled with water without leaving any air babbles. The balloon volume was adjusted to keep left ventricular end diastolic pressure between 10-15 mmHg.
Total CBF, LVP, LV dP/dt and PO, of coronary sinus blood (Model 636, Kontron) were recorded on charts with a rectilinear pen recorder (8S, San-ei Instrument, Tokyo 
Isoproterenol administration
After CBF and LVP had become stabilized, isoproterenol (50 , 100, 200 and 400 pmole/ min/100 g myocardium) was infused continuously for 5 min into the aortic perfusion tube by use of an infusion pump (STC-512, TERUMO, Tokyo). Time intervals between each administration were 15 min or more to permit recovery of cardio-coronary measurements. When the high dose of isoproterenol (400 pmole/min/100 g myocardium) was infused, we discarded venous blood from the pulmonary arterial cannula for minimizing the recircula tion of the drug and the volume was replaced with heparinized blood of the heart-donor dog.
Blood samples from the coronary arterial and venous tubes were obtained just before the drug infusion and during the infusion when other cardio-coronary measurements had reached stable levels.
Experiments were discontinued when CBF failed to recover its the basal value, LVP decreased below 60 mmHg or arrhythmias (paroxysmal ventricular contractions were sometimes seen) were too frequent to maintain stable values of LVP.
Electron microscopy Specimens were obtained from both Group A and B hearts. Transmural strips were sampled in the anterior wall of the left ventricle by means of a needle-biopsy technique at 5 min and 2 hr after reperfusion in Group A hearts and at 2 hr after starting the crosscirculation in Group B hearts. One heart was sampled which was beating in situ as a control. Obtained pieces of the myocardium were quickly transferred to ice-cold buffered mixture of 2% glutaraldehyde and 2% formaldehyde for fixation, post-fixed in 1% osmium tetroxide, and finally embedded in Epon 812. Ultrathin sections were doubly stained with uranyl acetate and lead citrate, and observed with an electron microscope (H-300, Hitachi, Hitachi). Drugs (-)-Isoproterenol hydrochloride (Sigma, St. Louis, MO, USA) was dissolved in 0.2% ascorbic acid to give a concentration of 10-2 M as a stock solution. The solutions of isoproterenol at the desired concentrations were obtained in each experiment by dilution of the stock solution with 0.9% NaCl. Infusion volume per min was set at 0.2 ml/min in each experiment. Infusion of 0.9% NaCl at this rate produced no changes in cardio-coronary measurements. Other drugs used were as follows : Pentobarbital sodium (Tokyo Kasei, Tokyo), heparin calcium (Mitsui, Mobara), bicarbonate sodium (Otsuka, Osaka). Values are expressed as means+s.E. The difference between mean values was analyzed by Student's t-test and judged to be significant when p values were less than 0.05. CBF, coronary blood flow ; LVP, left ventricular pressure ; LV dP/dt max , the maximum of the fist derivative of LVP ; MVO, , myocardial oxygen consumption ; n.s., not significant. Abbreviations are the same as in Fig. 2 .
The basal values of cardio-coronary measurements at zero time in Group A hearts are shown in Table 1 together with those of Group B hearts. There were no significant differences in these values between the two groups. Fig. 3 shows time course of the basal values of cardio-coronary measurements and calculated MVO, in Group A preparations.
CBF remained unchanged over 5 hr. LVP, LV dP/dt max and MVO, tended to decrease after 3 hr of the start of reperfusion. The changes in these measurements, however, were slight and not significant. In other words, the present preparations remained stable over 5 hr or more.
Responses to isoproterenol
Typical results obtained from a Group A heart with intra-coronary arterial infusion of isoproterennol are shown in Fig. 4 . Isoproterenol increased CBF, LVP and LV dP/dt max in a dose-dependent manner. These measurements reached stable levels 3-5 min after the start of infusion of isoproterenol. Percent changes in these measurements and MVO2 from corresponding basal levels are Myocardium from control heart. The myocardium from one in situ beating heart showed a normal ultrastructure. Mitochondria showed regular cristae and dense matrix. Dense granules were observed rich in some mitochondria but not so rich in others (Fig. 6a) .
Myocardium in Group A hearts. A typical electron microgram of the myocardium sampled after 5 min of reperfusion is shown in Fig. 6b . Mitochon dria had slightly widened matrix space and its electrodensity was slightly low. These ultrastructural changes in the mitochondria, however, appeared not significant when compared with the control myocardium. In addition, these slight changes in the ultrastructure were not observed in all mitochondria. All other organelles were of normal appearance.
After 2 hr of reperfusion mitochondria appeared almost normal (Fig. 6c) ; they exhibited normal dense granules, regular cristae and dense matrix, and glycogen granules were abundant.
Myocardium in Group B hearts. The myocardium after 2 hr of crosscirculation exhibit mitochondria of normal appearance which had regular cristae, dense matrix and dense granules (Fig. 6d) . Glycogen granules were present but appeared less than in the control heart.
DISCUSSION
The isolated perfused heart preparation like Group A in which the donor's heart was surgically cut off, transferred immediately into cold physiological salt solution, cannulated and reperfused with arterial blood from a support animal has several advantages over that like Group B. First, the above preparative proce dures are very easy compared with those needed in Group B hearts in which cannulation of major vessels have to be done in the beating state. Second, this preparation can be made by a small number of workers (at least one) for a short operative time. Third, the isolated heart can be weighed before preparation and thus drug dosage can be determined per wet weight of myocardium as in the present study. Fourth, cooling of the heart can be done very easily. Even topical cooling of the anoxic-arrested heart has been pointed out to have a protective effect on the myocardium for its function (Shumway and Lower 1959; Greenberg and Edmunds 1961) .
The present study first demonstrated that Group A hearts were not significantly different from Group B hearts in basal cardio-coronary measurements at stable levels. Previous workers (Eckenhoff et al. 1947; Hashimoto et al. 1960) have reported basal cardio-coronary measurements of dogs under physiological coronary perfusion pressure. According to them the mean basal values of CBF and MVO, ranged from 27 to 66 ml/min/100 g and from 1.48 to 8.8 ml/min/100 g, respectively.
Therefore 
